Chinese torreya (Torreya grandis cv. Merrillii) is an important cash tree in southeastern China and this species plays a major role in local economy. Establishing new plantations of Chinese torreya would be necessary in order to receive more economic benefit. However, expanding the area of torreya plantations would conflict with other land-use and also affect regional biodiversity. Under this context, local people and government made a paradigm shift from nuts productivity to sustainable practices. They explored the multi-functionalities of Chinese torreya forests, such as the social, cultural, environmental and health functionalities, and developed ecotourism as a breakthrough. The development of multi-functionalities of torreya plantations greatly improved the local economy and led a success in the local society. The strategy of this case completely followed the principles of sustainable intensification of agriculture and translational ecology, which involve scientists, stakeholders and policy makers to emphasize landscape multi-functionalities and minimize environmental impacts of operations. The knowledge from this study may be helpful to research in other regions.
Introduction
Agriculture is mainly to provide sufficient food for the growing human population, which is predicted to require an increase of global food about 60~110% by 2050 (Foley et al., 2005; Pardey, Beddow, Hurley, Beatty, & Eidman, 2014) . In mountainous areas, more people experienced food insecurity and poverty than at lowland areas due to limited agricultural land (Gratzer & Keeton, 2017) . However, agriculture is also the largest driver of global environmental change, such as biodiversity loss, water pollution and emissions of greenhouse gases (Tilman et al., 2001; Foley et al., 2005; Steffen, Crutzen, & McNeil, 2007) . At the same time, agriculture is most affected by the global change (IPCC, 2014) , such as agriculture in mountainous areas. Thus, it is urgently required to shift the focus of agricultural development from productivity to sustainability, which means to reduce environmental impacts for attaining human development (United Nations Secretary, 2012; Rockström et al., 2017) . Sustainable intensification of agriculture is to enhance agricultural productivity while reducing environmental impacts (e.g., water supply, gas emissions, and pollutions) (Conway, 1997; Godfray & Garnett, 2014) . To achieve this goal, agriculture needs to incorporate approach from landscape ecology, which smartly use ecological functionalities of natural ecosystems. The aim of sustainable intensification of agriculture is to develop multi-functional agroecosystems that are both sustained by nature and sustainable in their nature (Tittonell, 2014) . Such a paradigm shift to sustainability needs to minimize environmental impacts but also raise productivity (Jackson et al., 2012; Rockström et al., 2017) . high levels of trust and commitment that are critical for long term, sustained engagement between partners Wall, McNie, & Garfin, 2017) . Here culture is considered as all aspects of life (e.g., clothing, growing and preparing food, taking care of health, ceremonies and beliefs) (Belay, Edwards, & Gebeyehu, 2005) . The cultural significance of plant resources and shared knowledge could contribute to the engaged participation and joint decision-making for improving local economy (Shrestha & Medley, 2017) .
As a case study, Chinese torreya (Torreya grandis cv. Merrillii) is an important cash tree and a main source of income for the local farmers in southeastern China (Figure 1 ). It was developed from a quality grafted tree species through carefully artificial selecting in a long time ago (e.g., a thousand years ago) at Kuaiji Mountain area in China (Li & Dai, 2007) . Its products include nuts, medicine, logs, oil, and ornaments (Chen & Jin, 2019) . The processed nuts for snack food cost approximately $50~70 per kg. Usually one tree can bring in about $5,000 from nuts while a local family may have 4~5 trees. The two towns, Zhaojiazhen and Dongbaihu in Zhuji County (also called City), produce more than 1,000 tons of nuts every year and earn approximately $58 million. More than 50,000 farmers got rid of poverty through planting this tree species and producing nuts (Chen & Jin, 2019; People's Government of Shaoxing City, 2013) . Chinese torreya tree has a narrow distribution in southeastern China (Li & Dai, 2007) . Kuaiji Mountain is the original place of Chinese torreya with the most well preserved ancient torreya tree community, which is about 1,500 years old (Wang and Ming 2015) . More than 80% of Chinese torreya production is from this region. With the increasing demand from market, more and more farmers would like to change their land-use and construct plantations of Chinese torreya (Figure 2 ). However, there are several problems have to be solved before creating new torreya plantations. 
Some Issues to Create Plantations of Chinese Torreya
• Land use conflict: The idea of creating more plantations of Chinese torreya will lead to local/regional conflicting in land-use. During the past 10 years, the area of Chinese torreya plantations increased from approximately 5,333 hectares to 9,000 hectares at Zhuji County alone ( Figure 3 ). Other land-use, such as crop land, tea garden, orchard, chest nut, bamboo forest, and Camellia garden, are also necessary for the life of local people. Natural forest ecosystems including both old forests and young forests are important for maintaining local biodiversity and ecological services (e.g., preventing soil erosion and providing carbon storage) although these services may not directly bring income to local people. • Man power: It is a labor intensive job to construct plantations and manage Chinese torreya trees, including weeds controlling, seeds harvesting and nuts processing (Li & Dai, 2007) . Most Chinese torreya trees grow at remote sites. There are limited highways, county roads and transportation to reach these locations. Since the Chinese torreya trees are tall, it is also dangerous to pick up seeds, especially for those trees living at steep slope areas. Local young people would like to live and work in cities (People's Government of Shaoxing City, 2013). In the early time, there was outmigration in an attempt to have a better life, which is similar with other mountainous areas (Molden, Breu, van Dach, Zimmermann, & Mathez-Stiefelet, 2017 ).
• Lack of knowledge: Most farmers don't have sufficient knowledge for diseases and pest management on Chinese torreya trees. They often overuse fertilizer in order to gain more seed production, and it greatly affect these old Chinese torreya trees, such as those of more than a thousand year old trees. Local people once cut down large amount of male trees for timber only because these trees don't produce seeds. This led to insufficient pollination and low seed production at a regional level. Furthermore, high quality seed resources are being threatened or disappearing due to tree aging and disturbances, so the establishment of protection measures is very necessary (Chen & Jin, 2019; People's Government of Shaoxing City, 2013) .
Theoretical Approach and Data
Based on the above challenges, it seems hard for local people to make more profit from the nuts production at the current Chinese torreya forests unless more plantations are established. More plantations of Chinese torreya will affect other land-use and their ecological functionalities. The local policy makers faced the similar dispute over whether conservation and policies should prioritize biodiversity and landscape conservation or poverty alleviation and human livelihood improvement. However, sustainable intensification of agriculture emphasizes multifunctionalities of agro-ecosystems and its goal is to minimize environmental impacts but also to raise productivity. Thus, through collaboration of stakeholders, scientists and decision makers, the local society has been exploring the multi-functionalities of Chinese torreya forest with the goal of gaining more income and minimizing environmental impacts. This strategy is well achieved through the procedures suggested by translational ecology (Figure 4) . The traditional ecological approach with a goal to have more income is improved by adding cultural and eco-tourism factors, and even the recent development of biomedical use for Chinese torreya ( Figure 5 ). It appears that this strategy is suitable to the local society and economy. With the data collected from local agencies, some aspects of local society, economy and ecological multi-functionalities are explored. 
Multi-Functionalities of Chinese Torreya Forests

Culture and Social Function
Because of the unique features in Chinese torreya trees, such as long lifespan (more than a thousand year), dioecism, and the ability to grow two generations of fruits on a single branch, Chinese torreya trees symbolize the meaning of "longevity, happiness, and reunion", which melted into every aspect of the local social culture (People's Government of Shaoxing City, 2013; Wang & Ming, 2015) . Through the inheritance of torreya culture in the long history, the social history and cultural memories, such as family values, local history and social rituals, are blended together and remembered as a whole, which leads to the formation of a distinguished social identity and cultural consciousness at the local society. This culture could attract people from other regions to visit torreya forests and this unique environment. During the past 10 years, the number of people visited the Chinese Torreya Park every year increased from the original about 50,000 to 600,000 at the current (Figure 6 ).
There are lot of poems, calligraphies, literature, paintings, proverbs, drama, and songs related to Chinese torreya throughout history, such as many famous Chinese writers (e.g., Su Shi, Ye Shi, and Mei Yaochen) expressed their appreciation of Chinese torreya in their historical masterpieces (People's Government of Shaoxing City, 2013). Legendary fiction (Journey to the West) also mentions the values of Chinese torreya. All the legends and stories associated with Chinese torreya are preserved by the local society (Wu, 2013) . Some people like to record the beauty and legends of Chinese torreya by using pictures, paintings, drama and also folk songs. The current annual torreya festival promotes the development of related art and sports performance, social communication and commercial activities. Due to the long life span and also beautiful tree shape, Chinese torreya forests are often a popular place for wedding ceremonies. As a nutritious, valuable and rare dry fruit, Chinese torreya and its food products usually serve as precious gifts. Many blessings and sacrificial ceremonies have resulted from the beautiful wishes of "high production" and "safety". Some local farmers have festivals every January (lunar calendar) to wish for high production of Chinese torreya. Also, before seed harvesting in every year, some villages and families would organize different types of worship to wish for safety during harvesting (e.g., climbing tree to pick up fruits) (People's Government of Shaoxing City, 2013).
Some special social activities are also shown in the history and setting of local houses and communities. Now a few old houses, ancestral halls, schools, and villages established in the Ming and Qing Dynasty are preserved for tourists by the cultural protection agencies. The total related commercial value of Chinese torreya in Zhuji County increased from about $33 million per year to $0.12 billion per year during the past 10 years (Figure 7 ). 
Environmental Function
Due to the big tree canopies and high leaf area, Chinese torreya forests have the lowest soil erosion in comparison with other tree plantations. The annual water conservation of ancient torreya forests is much high (1,026.3 tons/ha) than a timber forest of China fir (34.20 tons/ha). The powerful water conservation may be from its canopy interception, defoliated leaves, and soil, which usually contains high levels of organic matter (Chen & Jin, 2019;  People's Government of Shaoxing City, 2013). Further, the local people at Chinese torreya forest areas seemed to have a much longer lifespan than the people from the other areas in the same region. For example, the average percentages of old people in 60, 70, 80 and 90 years old were 15.5%, 7.1%, 2.4%, and 0.2% in the other part of Shaoxing region, but the corresponding percentages at Zhaojiazhen, which is located in Chinese torreya forest area, were 21.6%, 10.2%, 3.2%, 0.3%, respectively (People's Government of Shaoxing City, 2013; Wang & Ming 2014) . This might be related to local environmental condition and life style.
Functional Food
Local people have used the processed nuts of Chinese torreya as food for a long time (Li & Dai, 2007) . The nuts are something with special color, smell, and taste. Its nutrients include protein, unsaturated fat, amino acids, minerals and vitamins (Chen & Jin, 2019; Li & Dai, 2007) . The nuts could be used to produce varieties of food, such as cakes, candy, and shortbread after being fried, and also drinks (wine and juice). Torreya oil can selectively decrease serum total cholesterol and glycerin trilaurate, and increase high density serum lipoprotein cholesterol. The four types of lipo-alkaloids can suppress lymphatic leukemia and is beneficial to the prevention and treatment of malignant lymphosarcoma (Chen & Jin, 2019) . These products are very popular and always be exported to international markets (People's Government of Shaoxing City, 2013).
An overall evaluation of the agricultural muti-functionalities of Chinese torreya forests was conducted and there were high values in agro-cultural bequeathment function and environmental protection function (Xu et al., 2013) . With the development of these multi-functionalities of Chinese torreya forests, ecotourism has been greatly promoted. Every year thousands of people visit museums, Torreya Forest Park and some historic sites. The annual torreya festival provides a good platform for people to meet, celebrate and also explore business opportunities. This greatly drives the development of local economy and increase the consumption of torreya nuts. Currently, there are big development in some medical products, because the seeds possess anti-oxidative and acute antiinflammatory properties (Chen et al., 2006) , the value of products reaches about 10 times of the original one. More and more local people got rich by developing business related to Chinese torreya forests and its products. The local population not only changed from out-migration to in-migration, but also the business development empowers women in the local society. Traditional gender roles limited women to participate in labor intensive forest management (Gratzer & Keeton, 2017) , such as managing Chinese torreya forests or picking up fruits. However, currently the development related to cultural activities, eco-tourism, service, and less labor intensive jobs is greatly changing the inequality between men and women.
Conclusions
In order to eradicate poverty and hunger and contribute to human wellbeing, tree plantations are usually developed to increase plant productivity under intensive management and exclude the competition from other species. But under the context of maintaining the resilience of local landscape to biodiversity and rapid global environmental change and also satisfying human needs, a paradigm shift to sustainable intensification of agriculture should be enhanced by exploring the multi-functionalities and with less environmental impacts. With the guideline of sustainability, scientists, stakeholders, and policy makers need to deliberately engage to consider the practices which show the most promise and potential pitfalls of those practices. Here the case study of Chinese torreya in Zhuji County of China is analyzed. Based on the traditional thinking, more plantations of Chinese torreya should be established in order to gain more profit. By understanding the social and cultural function of Chinese torreya forests, local government and communities have developed multi-functionalities of this Chinese torreya forest landscape to achieve the same goal in a sustainable way although some technical support and environmental education to farmers are urgently needed. Under the age of dealing with the conflict between economic development, social inequality and ecological services, it is necessary to use the latest science, such as knowledge from translational ecology and sustainable intensification of agriculture, to build the relationships with scientists, stakeholders and policy makers and implement relevant actions. The ideas and approach from this case study can be applied for sustainable development at other plantations (e.g., oil palm) in other regions.
